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Abstract 
The purpose of this study is to determine the effect of the mathematics teaching, which is carried 
out by mathematics teachers through computer algebra systems, on the achievement of students. 
A hundred and forty five 10th grade students have taken part in the study as participants. In the 
research where quantitative research methods were used, quasi-experimental design was used. In 
the study, class implementations were carried out by three mathematics teachers who had in-
service training about the integration of the computer algebra systems to the learning-teaching 
environments beforehand. In the implementations at issue, teachers carried out computer-assisted 
instructions about parabola through Mathematical software in experimental groups. In control 
groups, they carried out the lessons by using information and communication technologies at a 
baseline level using traditional teaching method. In the research, students' mathematics report 
grades and also parabola achievement tests, which were used as the pretest and the posttest, were 
used as data collection tool. The data obtained from the research were analyzed through Mann-
Whitney U and Wilcoxon signed ranks tests. Besides, the effect size of the obtained data was 
calculated. As a result of the research, it was seen that the achievement of the experimental group, 
whose lessons were  carried out with computer algebra systems by providing technology 
integration at transformation level, are higher than the achievement of the control group, whose 
lessons were carried out with the traditional teaching method by providing technology 
integration at replacement level. Besides, as the calculated effects size is considered, it is 
understood that computer algebra systems have a strong effect in the occurrence of the differences 
between the two groups. 
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1. Introduction 
With the technological progress, in today's world which faces rather different problems that previous 
generations didn't confront, individuals who appreciate mathematics, who have improved mathematical power of 
thinking, who can use mathematics in modelling and problem solving are needed more than ever. Nowadays 
information and communication technology (ICT) is developing rapidly and it offers new opportunities for 
significant mathematics instruction (Ministry of National Education, 2013). Priority objectives in the use of 
computers in mathematics teaching are to prompt students' top-end cognitive skills and ensure them form their 
own mathematics knowledge on the basis of their interactions with computers (Baki, 2006). It is emphasized in 
several researches that Mathematics is difficult to learn and harder than the other disciplines because of its abstract 
structure (Herzig, 2002; Sarama and Clements, 2009; Yenilmez and Avcu, 2009). According to Baki (1996) “what is 
more important than the use of a computer as an effective calculation tool is its feature of transporting abstract 
mathematics concepts to the screen and materializing them”. This materializing transaction will affect students' 
significant learning process positively. Therefore students' process of configuring mathematical knowledge should 
be supported with multiple representations and materials and they should be ensured to use ICT actively in 
mathematics learning process. The purpose of using ICT in mathematics teaching is not to change the place of  
learning mathematical skills with the technology; rather, it is to make mathematical thought accessible to all 
students regardless of their skill levels. With the active use of ICT, students can work on real-realistic mathematics 
problems and they can use the time gained from long calculations on reasoning, creative thinking (MNE, 2013). 
Akdemir (2017) it can be accepted that in a close future, computer-assisted instruction (CAI) will be a part of 
education systems by completing ICTs' integration to the instruction schedule (Güven et al., 2009). Kaya and 
Akdemir (2016) CAI is students' benefiting from computers during education process so as to determine their 
deficiencies by mutual interaction and identify their performance and get their own learning under control by 
getting feedbacks, and it also makes students be more interested in the lessons with the help of graphics, sounds, 
animations and figures (Baki, 2006). In computer-assisted mathematics instruction (CAMI) activities, the most 
important softwares that can be used in forming positive learning-teaching environment and to support 
mathematics learning and teaching are computer algebra systems (CAS) which are based upon the use of symbolic 
expressions and dynamic geometry softwares (DGS) that are concentrated on geometrical structures (Hohenwarter 
and Fuchs, 2004; Hohenwarter and Jones, 2007; Tatar, 2012). The use of dynamic geometry and algebra softwares 
in learning-teaching environments has caused new conceptions to occure (Hohenwarter and Fuchs, 2004). As a 
matter of fact, when the recent developments are considered, CASs look like they are going to be mandatory and 
standard tools in mathematics learing and teaching (Ersoy, 2005). 
With the improvement of mathematics and technology, the search for being able to transact faster and 
flawlessly appears to us within advanced calculators and various computer softwares. CASs are the products of this 
search (Tuluk, 2007). CASs, which are developed as softwares that can do symbolic calculation besides numerical 
calculation to solve mathematical problems are obtained by expanding standard numerical programming languages 
like C, Pascal and Fortran (Aktümen, 2007). Here, while the word “Symbolic” refers to result's close and figurative 
expression, the word “Algebraic” emphasizes a certain result (Davenport et al., 1993; Kabaca, 2006). CASs' other 
prominent features other than being effective symbolic calculation tools are their ability to plot advanced graphs 
and their ability to visualize. Thanks to these enhanced abilities of theirs, CASs can plot in cartesian, polar, 
cylindrical coordinates. An example of a three-dimensional graph which has been plotted through Mathematica, a 
CAS that has been used in the class implementations in this research is included in Figure 1. 
 
 
Figure-1. 3D Graph Plotting Through Mathematica 
                         Source: Authors generated by using Mathematica. 
 
Beside it identifies many known file formats and can take action on them, it is possible for Mathematica to save 
a “.nb” file (Mathematica's standard notebook extension) in numerous formats without any data loss. For example, 
it can save a “.nb” file as a “.swf” (Flash) file instantly. Mathematica's another remarkable feature is the CDF 
(Computer Document Format). CDF is a format that eliminates the necessity of Mathematica to be installed on the 
computer in order to run any program or material which is created through Mathematica. Thanks to CDF Player, 
which can be installed freely, one can examine the structures which are prepared by the programmer and can 
interfere as far as allowed. Besides, the structures of Mathematica such as slide etc. that allow the user to 
manipulate the mathematical and geometrical structure are significant features which intersect with DGSs. 
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When we examine the literature, it is understood that the teaching activities, which are carried out through 
CASs, effect students' conceptional comprehension levels (Ghosh, 2003; Kabaca, 2006; Aksoy, 2007; Sevimli, 2013; 
Sevimli and Delice, 2015) problem solving skills (Aktümen, 2007; Tuluk, 2007; Sevimli, 2013) academic 
achievements (Stephens and Konvalina, 1999; Aksoy, 2007; Bulut, 2009) calculational skills (Bulut, 2009; Sevimli, 
2013) mathematical thinkings (Tuluk, 2007; Bulut, 2009) attitudes towards mathematics (Kabaca, 2006; Aksoy, 
2007; Aktümen, 2007; Tuluk, 2007; Aktümen and Kaçar, 2008; Taşlıbeyaz, 2010) positively. Again, similar results 
are emphasized also in literature reviews (Lavicza, 2008; Buteau et al., 2010; Marshall et al., 2012) that mention 
teaching activities which are carried out through CASs. These results show that through CASs, students learn 
mathematics with better and deeper comprehension, they improve their autonomous learnings and develop their 
achievements, CASs increase students' motivation towards mathematics and make students deal with the harder 
and realistic mathematical structures earlier by making those structures more simple, through CASs, a teaching 
that answers the needs of  21st Century career field occurs.  
As a result of the literature review that's been carried out; it is understood that there are very few studies in 
which CASs are used as learning-teaching tools (Tatar et al., 2013). It is also seen that those studies were intended 
to teach Calculus subjects to participants who are undergraduate students, just like it can be seen in the 
international literature (Lavicza, 2008; Buteau et al., 2010; Marshall et al., 2012). On the other hand, it is 
understood that CAS-based graphical calculators are used in the studies at secondary education levels (Baki and 
Celik, 2005; Pierce et al., 2009) computer-based implementations are not used directly enough when compared to 
CAS-based graphical calculators (Pierce et al., 2009). Besides, in several literature compilations, it is emphasized 
that data collection methods such as achievement tests are not used sufficiently in order to get the results of CAS 
implementations (Lavicza, 2008; Buteau et al., 2010; Marshall et al., 2012). It is seen in most of the researches in 
which achievement tests are used that the achievements of the participants in the teaching environments where 
CASs are used are compared to the achievements of the participants in the teaching environments where ICTs are 
not integrated at any level. This situation can make it difficult to understand whether the differences between the 
obtained data is from the software that is used, from the hardware itself or from the teaching method. Because the 
authority is not just teachers during the process of the technology integration to the learning-teaching 
environment (Yieng and Daud, 2017). The authority is prorated to all partners of the integration process including 
technological tools (Bingölbali et al., 2012). To ensure the technology integration to the learning-teaching 
environments is a complicated, dynamic, slow and long-termed process at any level (Usluel and Demiraslan, 2005; 
Harris et al., 2007; Koehler et al., 2007; Groff and Mouza, 2008). With this aspect, it has been thought that it will 
produce more understandable results when the teaching activities in which CASs are used, are approached with the 
teaching activities in which the technology integration is ensured at different levels. 
In order to determine at which levels the technology integration is ensured, three levels are suggested by 
Hughes (2005). Those are Replacement, Amplification and Transformation levels. 
Replacement: A situation in which the use of technology just provides environment change; nothing more like 
different purposes or gains (Hughes, 2005; Akkoç et al., 2011). Reflecting  a mathematics problem to the board 
through a projector by a mathematics teacher can be an example for a use at this level. 
Amplification: At this level where a simplification is aimed by the use of technology; performing the learning 
process effectively and fast is the matter without any change in the tasks or objectives (Hughes, 2005; Akkoç et al., 
2011). At this level, in which radical alterations are not needed in in-class routines and implementations, 
technological tools are considered to be used in order to perform a set of activities more effectively and faster in 
learning-teaching process. Likewise, operating a complicated and time-consuming arithmetical transaction faster 
and flawlessly through a calculator can be an example for a use at this level (Demir and Ozmantar, 2013). 
Transformation: It is to execute the technology integration in a way that students can develop deep 
comprehension about a certain subject (Demir and Ozmantar, 2013). Hughes (2005) expresses that the teachers 
would be considered to have ensured a top-end technology integration when their pedagogical approaches change 
the class routines and provide deep learning. With a technology integration at this level, it can be achieved for 
students to understand conceptional patterns of mathematical structures and link up the internal connections 
among those patterns (Akkoç et al., 2011). Carrying out the activities in order to reach conceptional comprehension 
with the softwares that can help associate different figurations of the function concept such as algebraic, graphic 
and table can be given as an example for a use at this level (Ozmantar et al., 2010; Demir and Ozmantar, 2013). 
A literature review has been carried out to determine which subject the mathematics teachers will carry out 
class implementations about. In this review, it has been understood that the secondary education students and even 
the teacher candidates comprehend quadratic function graph subject (Parabola) difficultly (Eisenberg and Dreyfus, 
1994; Zaslavsky, 1997; Borgen and Manu, 2002; Zazkis et al., 2003; Durmuş, 2004; Kutluca, 2008; Tatar et al., 2008; 
Kutluca and Baki, 2009) they have hard time explaining quadratic function concept, plotting the graph and they 
make mistakes during this process (Zaslavsky, 1997; Sajka, 2003; Bos, 2007; Metcalf, 2007; Kutluca, 2009). On the 
other hand, it has been seen that MNE gives place to the learning outcome of explaining the changes, which 
happens in the graphical representation of the alteration in coefficients with reasons in graphical representations of 
a quadratic function and using information and communication technology effectively during this process, in the 
mathematics curriculum of the secondary education. Having said that, it has been understood that CAMI activities 
which have been carried out using mostly DGSs affect students' achievement positively (Bos, 2007; Kutluca, 2009; 
Phonguttha et al., 2009; Ayvaz, 2010). In the research, by considering the difficulties students faced about parabola 
that are stated in the literaure and the clear guidance of instruction schedules about the use of ICT in teaching the 
subject, it has been decided to approach the effects of the CAMI activities that will be carried out by teachers 
through CASs over this subject. Moreover, it has been thought that the results which were obtained from the 
previous studies in which DGSs were used can be used as criteria in measuring the data of this study in which 
CASs have been used. 
 
 
 
Journal of Education and e-Learning Research, 2018, 5(3): 165-173 
168 
 
 
1.1. Aim of the Study 
An answer to that problem has been sought in this study, in which the effect of mathematics teaching, that is 
carried out with CASs by ensuring the technology integration at advanced levels and mathematics teaching that is 
carried out by ensuring the technology integration at basic levels, on the secondary education students' 
achievements: 
What is the effect of the CAMI activities through CASs to the achievement of 10th grade students about 
quadratic function graph?   
 
2. Method 
Measurable and ordinal data is needed to determine the effect of CAMI activities through Mathematica to the 
achievement of 10th grade students on parabola. For this reason, quasi-experimental design, which is a quantitative 
research method, has been used in the research. The main purpose is to test the cause and effect relation among 
factors in experimental designs (Büyüköztürk et al., 2010). The quasi-experimental design which has been used in 
the research is summed up in the Table 1. 
 
Table-1.The experimental Design of the Research 
Determining the Groups Group Pretest Class Implementations Posttest 
Students' mathematics report 
grades 
Experimental 
group 
PAT 
CAMI environment using CAS 
software 
PAT 
Control group PAT 
Traditional teaching environment 
using ICTs 
PAT 
          PAT: Parabola achievement test 
 
Students' mathematics report grades mean before the implementation has been used in determining the control 
group and the experimental group in the study. It has been decided randomly about which class to be the control 
group or the experimental group. In determining the study groups, quasi-experimental design has been used as 
there has been no equation done between groups. After determining the groups, PAT (Ardıç and Işleyen, 2018a) 
has been carried out in order to determine the achievement levels of the students of the control group and the 
experimental group about parabola before the implementation.   
The class implementations of the research have been carried out by three secondary education mathematics 
teachers. Aforesaid teachers participated in the in-service trainings before, which were carried out by the 
researchers and aimed at CAS use during CAMI (Ardıç and Işleyen, 2018b). During the implementation, teachers 
have used the ICTs by projecting textbooks on the interactive board or doing sample analysis about the subject 
along with the traditional teaching methods such as direct instruction and catechization in control groups (Ardıç 
and Işleyen, 2017a). That technology use at issue has been limited at a basic level that was named “replacement” by 
Hughes (2005). On the other hand, in the experimental groups, teachers have carried out lessons through CASs via 
dynamic materials and work sheets, which have been developed by the researchers (Ardıç and Işleyen, 2017b) in an 
environment where students can interact with computers. In the experimental groups in which Mathematica have 
been used, CAMI activities have been carried out at “transformation” (Hughes, 2005) levels in a way that students 
can improve deep comprehension (Ardıç and Işleyen, 2017a). Class implementations have lasted six lesson hours in 
each group considering the time that the teachers allocate to the subject in their annual plans. At the end of the 
class implementations, PAT has been carried out for the students of the control group and the experimental group 
as a posttest. 
 
2.1. Participants 
Participants of the research consisted of 145 10th grade students. 75 of the participants who were from three 
different type of high schools in Adıyaman, which is located in the southeast of Turkey, participated in control 
group, while 70 of them participated in the experimental group (Table 2). 
 
Table-2. The Information about the Participants 
School Types 
Anatolian High 
School 
Anatolian Imam Hatip High 
School 
Anatolian Vocational High 
School 
Sum 
Experimental Groups 22 16 32 70 
Control Groups 22 21 32 75 
Sum 44 37 64 145 
Source: Data obtained from authors field study. 
 
The 10th grade students studying in the school where the research was carried out, their families and the 
school managements were informed about the research process at the beginning of the study. The participants 
were designated on a volunteer basis. Signed consent was obtained from the parents or the guardians of the 10th 
grade students participating in the research. Besides, the necessary official permission was obtained from the 
Provincial Directorate for National Education, where the study was carried out. 
 
2.2. Data Collection and Data Analysis 
After examining the literature review (Bos, 2007; Kutluca, 2009; Phonguttha et al., 2009; Ayvaz, 2010; Kabaca 
et al., 2011; Kutluca and Zengin, 2011) in order to determine the effect of the CAMI activities through Mathematica 
to the 10th grade students about parabola and by consulting the opinions of mathematics educationists, it was 
decided to use an academic achievement test consisted of open-ended questions. 
When forming the PAT that was used in the research, a preliminary draft which  consisted of  32 items was 
created by benefiting from 10th grade mathematics textbooks (Kaplan, 2008; Alkan, 2012; Erel, 2014) and 
subsidiary sources by considering the specified learning outcomes about parabola in the secondary education 
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mathematics curriculum (MNE, 2013) at first step. To ensure the accuracy and the content validity of the items 
that took part in the preliminary draft, the preliminary draft in question was submitted with its table of 
specifications to the examinations of three experts, who have doctor's degree in mathematics education, and three 
mathematics teachers. After doing the required adjustments in accordance with the suggestions coming from the 
experts and teachers, the PAT draft which consisted of 28 items were created. 
The created draft has been applied to 128 10th grade students from 3 different schools, one of which is a 
science high school and the other two are Anatolian high schools within the pilot study that has been carried out by 
the researchers. Each correct answer to each question is worth 4 points in the answer key that has been created to 
use in measuring the PAT draft. In order to ensure the reliability in grading, some help has been received from a 
mathematics educationist. The PAT drafts, which have been answered by the students in the pilot scheme, have 
been measured by an expert, who has a doctor's degree in mathematics education, in accordance with the answer 
key. The measurement results done by the expert have been compared to the measurement results done by the 
researchers through Cohen's Kappa reliability coefficient. When considering the question-based reliability mean, it 
has been understood that with the calculated 0.813 kappa rate, almost perfect harmony has been achieved among 
the measurers (Landis and Koch, 1977). It has been decided to measure the achievement test via the answer key 
which has been prepared by the researchers in deference to harmony levels among the measurers. 
After descendingly sorting the scores obtained from the pilot scheme of the PAT draft, 27% of lower and upper 
groups have been specified. Examining the differences between the item mean scores of the upper and lower groups 
of 27% via t-test for independent samples is a method that can be applied within item analysis (Büyüköztürk, 2012). 
The coming out of the required significant observed differences is the indicator of the test's internal consistency 
and to what extent the items distinguish the individuals in regard to measured behavior. In the examination, it has 
been understood that just one of the test items does not have distinctiveness at significant levels according to the 
results of the t-test for independent samples and it has been removed from the PAT draft. The blank-filling 
question that has been removed from the test goes like this: “When the number a is negative, as it decreases (as it 
increases in absolute value) the branches of the parabola ... ... ... ... ... ...”. 
After removing the item in question from the test, again an expert's opinion has been applied after reforming 
the PAT in order to ensure the content validity and positive feedbacks have been received. In addition to this, 
Cronbach's Alpha test has been carried out in an attempt to prove the accuracy and the internal consistency of the 
scores obtained from the achievement test. In consideration of the data obtained from the pilot study, Cronbach's 
Alpha internal consistency coefficient of the test has been calculated 0.942.  Thereby, it has been decided that the 
PAT, which is consisted of 27 open-ended questions as its final state, is reliable to use in the research.  
In the research, one control group and one experimental group have been formed by gathering the data on the 
three control groups and three experimental groups which have been formed during the class implementations. 
Additionally, tests of normality have been carried out in order to decide which tests to be used in analyzing the 
obtained quantitative data. Because, in order to use parametric tests in the performed analysis, distributions of the 
measurements related to dependent variable in independent measurements have to offer normal distribution in 
both groups, while the difference scores related to the measurement set have to offer normal distribution in 
dependent measurements (Field, 2009). A In the test of normality, Shapiro-Wilk test (Büyüköztürk, 2012) and 
coefficient of skewness - coefficient of kurtosis and “z” statistics obtained from the ratio of these coefficients to their 
standard errors have been used in the research. Z statistics have to be valued between -1.96 and 1.96 so the data 
won't be skew or kurtosis (Cramer, 1998; Doane and Seward, 2011). In addition to this, the histograms related to 
the data, the Q-Q and the box plots have been examined by the researchers in order to determine if they ensure the 
normal distribution of the data obtained from the study or not. It has been planned to use “t-test for dependent 
samples” and “t-test for independent samples” in situations where the normal distribution is achieved in the 
preliminary examinations done in the research. On the other hand, it has been decided to use “Wilcoxon signed 
rank test”, which is assumed to be a nonparametric alternative to the t-test for dependent samples, and “Mann-
Whitney U Test”, which is assumed to be a nonparametric alternative to the t-test for independent samples when 
there is no normal distribution (Büyüköztürk, 2012). In the study, in analyzing the data, SPSS 22.0 software has 
been used and the value 0.05 has been considered as the statistical significance level. Besides, in calculating the 
effect size of the  data that has been obtained from the research, the formulas in the Table 3 (Field, 2009) have been 
used.   
 
Table-3. Effect Size Calculation Methods 
Parametric tests Nonparametric test 
  √
  
     
   
 
√ 
 
             Source: The equations obtained from Field, 2009. 
 
In evaluating the effect size, r=.10 (small effect), r=.30  (medium effect),  r=.50 (large effect) criteria that were 
specified by Cohen (1992) have been consulted. 
The tests have been evaluated by both the researchers and the domain expert by using the answer key that has 
been prepared by the researchers, in order to ensure the reliability in the data obtained from the PAT in the 
research. The measurements of the expert and the researchers have been examined by each question through 
Cohen's Kappa coefficient. When considering the question-based reliability mean, with the calculated 0.846 Kappa 
value, it has been understood that “almost perfect harmony” (Landis and Koch, 1977) has been achieved between 
the evaluators. 
 
3. Findings and Results 
In this section, the obtained findings aimed at the effect of the CAMI activities, that have been carried out over 
CAS, to the achievement of the 10th grade students on the parabola subject are given place. 
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Before starting the class implementations, it has been examined if there is a significant difference between the 
experimental group's and control group's report grades and the scores obtained from the PAT test which has been 
performed as a pretest. A test of normality has been carried out to the data in order to decide which test to be used 
to make the comparison in question. 
It has been understood from the analyses on the Shapiro-Wilk test results of the control group's students' 
report grades (W=0.923, p<.05), histogram related to the data, Q-Q and box plots that they do not have normal 
distribution. Skewness (1.048, SE=0.276) and kurtosis (0.932, SE=0.545) values also support this result. It has been 
decided to make the comparison through Mann-Whitney U test, which is a nonparametric test because the data 
related to the control group does not have normal distribution. 
 
Table-4. Mann-Whitney U Test Results of the Mathematics Report Grades According to the Groups 
Groups N Mean Rank Sum of Rank Mann-Whitney U Z p 
Control 76 72.70 5525 
2599 -1.193 .233 
Experimental 77 81.25 6256 
             Source: Data obtained from authors field study. 
 
As the values on the Table 4 are considered, it is understood that there is no significant difference between the 
mathematics report grades of the students from the experimental group and the control group (U=2599, p>.05, 
r=-.096). 
According to the Shapiro-Wilk test results of the pretest scores of the control group (W=0.851, p<.05) and 
when considering the histogram, Q-Q and box plots, it is understood that the data does not have normal 
distribution. The statistics about the skewness (4.297, SE=0.548) and kurtosis (7.086, SE=0.694) also support this 
result. Likewise, it is also seen that the scores of the experimental groups do not have normal distribution 
according to both their Shapiro - Wilk test (W=0.878, p<.05) and skewness (1.33, SE=0.287) and  kurtosis (1.977, 
SE=0.566) statistics. By visual examination of the histogram related to the data, Q-Q and box plots, the same result 
has been occurred. Thus, it has been decided to use Mann-Whitney U test in order to analyze the significance of 
the difference between the PAT pretest scores of the groups (Table 5). 
 
Table-5. Mann-Whitney U-Test Results of the Pretest Scores According to the Groups 
Groups N Mean Rank Sum of Rank Mann-Whitney U Z p 
Control 75 74.97 5622.5 
2.478 -0.587 .557 
Experimental 70 70.89 4962.5 
            Source: Data obtained from authors field study. 
 
When analyzing the Mann-Whitney U test results (U=2.478, p>.05, r=-.049) ,it has been understood that 
there is no significant difference statistically between the groups in terms of the scores obtained from applying the 
PAT as a pretest. 
Hereby, it has been understood that there was no significant difference between the control group and the 
experimental group in terms of achievement before the class implementations that have been carried out by the 
mathematics teachers. 
Pretest and posttest scores of the groups have been compared in themselves in order to determine if the class 
implementations that have been carried out about parabola have any effect on the achievements of the 10th grade 
students. Before starting this comparison, it has been checked that if the data of which mean will be compared has 
normal distribution or not, in order to decide which statistical tests will be used during the process. 
When considering the Shapiro-Wilk test results, it has been seen neither that nor the difference scores of the 
control group (W=0.936, p<.05) neither the difference scores of the experimental group (W=0.946, p<.05) have 
normal distribution. Again, the same result has occurred when the histogram, Q-Q and box plots of the difference 
scores of the groups has been examined. Thereby, it has been decided to use Wilcoxon signed rank test for 
dependant measurement which is a nonparametric method. 
 
Table-6. Wilcoxon Signed Rank Test Results According to the Control Group's Posttest-Pretest 
Posttest-Pretest N Mean Rank Sum of Rank Z p 
Negative Ranks 2 14 28 
-7.38* .000 Positive Ranks 73 38.66 2822 
Ties 0 - - 
           *Based on negative ranks 
 
The results of the analysis show that there is a significant difference between the posttest scores and the 
pretest scores of the control group students (Z=-7.38, p<.001, r=-.85). When the rank sum of the students is 
considered, it is seen that this difference is on the side of positive ranks, namely posttest scores. According to these 
results, it is understood that the activities teachers have carried out by using traditional teaching methods and 
ICTs at basic levels in the control groups have a positive effect to the academic achievements of the 10th grade 
students. 
 
Table-7. Wilcoxon Signed Rank Test Results According to the Experimental Group Posttest-Pretest 
Posttest-Pretest N Mean Rank Sum of Rank Z p 
Negative Ranks 0 - - 
-7.273* .000 Positive Ranks 70 35.50 2485 
Ties 0 - - 
         *Based on negative ranks 
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It is seen that there is a significant difference between the experimental group's pretest scores and posttest 
scores when the analysis results in Table 7 are considered (Z=-7.273, p<.001, r=-.87). It is understood that this 
difference is on the side of the posttest scores when the test scores rank mean and the rank sum are considered. 
Thus, it can be said that CAMI activities that have been carried out by the mathematics teachers through the CAS 
software have a positive effect on the achievements of the 10th grade students about parabola. 
Firstly, it has been looked at whether it meets normality assumption of the test scores or not in order to decide 
which test to use to understand if there is a significant difference between the control group and the experimental 
group students' posttest scores. It is understood that the scores do not have normal distribution when the Shapiro - 
Wilk test results (W=0.889, p<.001) and the skewness value (1.039, SE=0.277) of the control group's students' 
posttest scores are examined. The histogram, Q-Q and box plots related to control group's posttest scores also 
support this result. Likewise, it has been also understood that the experimental group's posttest scores have no 
normal distribution according to both Shapiro-Wilk test (W=0.929, p<.001) and skewness value (0.568, SE=0.287) 
and histogram, Q-Q and box plots related to test scores. It has been decided to use Mann-Whitney- U test since 
the normality assumption in analyzing the significance of the difference between the groups' scores of PAT's 
posttest couldn't be achieved (Table 8). 
 
Table-8. Mann-Whitney U-test Results of the Posttest Scores According to the Group 
Groups N Mean Rank Sum of Rank Mann-Whitney U Z p 
Control 75 50.41 3780.5 
930.5 -6.71 .00 
Experimental 70 97.21 6804.5 
      Source: Data obtained from authors field study. 
 
According to Mann-Whitney U test results (U=930.5, p<.001, r=-0.56), it is understood that there is a 
statistically significant difference between the posttest scores of the control group and experimental group. It is 
seen that this difference is on the side of the experimental group, as the rank mean and the rank sum of the groups 
are examined. 
 
4. Conclusion and Recommendations 
It has been understood that there is no significant statistical difference between the control group's and the 
experimental group's mathematics report grades mean and pretest scores mean before the implementation. 
Considering these results, it can be said that participants in the control group and the experimental group have 
equal readiness levels before the implementation. This result is a preferred situation for a sound research. 
It is understood from the research that, according to the results of the Mann-Whitney U-test, which has been 
applied to the posttest scores, the academic achievements of the experimental group students is statistically 
different at significant levels and higher than the academic achievements of the control group students. Herefrom, 
it is seen that the groups, whose lessons have been carried out through CASs with CAMI method at high levels, 
such as “transformation” by using the ICTs, are more successful than the groups, whose lessons have been carried 
out by using traditional teaching method at basic levels, such as “replacement” by using the ICTs. Besides, it is 
understood that the CAMI activities which have been carried out through CASs have a strong effect (Cohen, 1992) 
in the occurrence of the difference between the groups when the effect size is considered. This result matches up 
with the findings which are situated in the literature about the positive effect of the CAMI activities on parabola 
subject in which various softwares such as CASs (Bos, 2007; Kutluca, 2009) and DGSs (Phonguttha et al., 2009; 
Ayvaz and Ozdemir, 2010) are used. Similar results have been found in the studies, in which CAS softwares have 
been used for lecturing different subjects and university students have taken part as participants in general (Hillel, 
1993; Porzio, 1994; Cooley, 1995; Stephens and Konvalina, 1999; Aksoy, 2007; Bulut, 2009; Sevimli, 2013; Sevimli 
and Delice, 2015).   
Teachers can be provided trainings about CAMI and CASs such as Mathematica so they can benefit from ICTs 
by achieving the technology integration at high levels in their lessons. In lessons, the work sheets and dynamic 
materials used have a great importance in achieving the CAMI in which the technology integration is achieved at a 
high level. For this reason, the teachers or the researchers have to design the work sheets and the dynamic 
materials in question finely before they begin the activities about CAMI. 
It can be said that one of the main differences which separates CAMI from the traditional teaching methods is 
that students make individual inferences by interacting with computers. That interaction is usually achieved with 
dynamic materials. Students can be provided trainings about CASs such as Mathematica in order to level up their 
interactions with computers. Thus, students can not only use the dynamic materials that are presented for them, 
but also they can form their own computer programs about mathematical structures. Again, teachers can give their 
students home works in a way they can benefit from CASs differently by this means. Likewise, by enabling students 
to use CASs at higher levels, it can be achieved to use CASs at assessment and measurement phase, too. 
In order to make the effects of CAMI activities through CASs more understandable, new studies, in which 
different subjects of mathematics and geometry are approached, can be done. By means of these studies in question, 
the teachers who want to use CAMI in their lessons can be ensured to have opinions about which subject and at 
what levels they can achieve a technology integration, positive and negative sides of the process and the effects of 
CAMI on the students' achievements. 
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